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INDIUM-CONTAINING WAFER AND
METHOD OF I'TS MANUFACTURE

TECHNICAL FIELD

The present invention relates to 1ndium-containing
walers, and more particularly to imndium-containing waters
the surface of which has a mercury-removal layer for
removing mercury adhered to the surface of the mercury-
removal layer on the waler for evaluating 1its electrical
characteristics non-destructively, and to methods of manu-
facturing such wafers.

BACKGROUND ART

Indium-containing waifers are widely used for photode-
tectors such as pin photodiodes and avalanche photodiodes,
light-emitting elements such as laser diodes, and electronic
devices such as field-eflect transistors and bipolar transis-
tors. In order to comprehend the semiconductor character-
1stics of such indium-contaiming watfers, evaluating charac-
teristics of the waters 1n terms of density, thickness, and
crystallinity 1s crucial.

With regard to evaluating such characteristics, capaci-
tance-voltage measurement (hereinafter referred to as “C-V
measurement”™) has been employed for evaluating carrier
density in and thickness of waters; however, the mainstream
C-V measurement to date has been the SPA (semiconductor
profile analyzer) method. Due to the fact that the SPA
method 1s one 1n which the C-V measurement 1s carried out
while the wafer 1s being etched through 1ts surface with an
clectrolyte, which i1s a solution, as an electrode, problems
with the method have been errors in the carrier density
measurement, associated with fluctuations in the area of
waler contact with the electrolyte, and degradation 1n depth
accuracy owing to etching unevenness; in addition, with the
method being essentially a destructive test only spot checks
can be made and thus, measuring the carrier density and
thickness of those walers that are themselves oflered as
manufactured articles has not been possible.

In contrast, the mercury C-V method—in which the C-V
measurement 1s carried out by providing a mercury electrode
on the episurface of the waler to employ a mercury-metal-
compound-semiconductor Schottky barrier—is free from
the problems of errors in carrier density measurement and
degradation in accuracy with the SPA method; moreover,
there 1s no surface etching with the mercury C-V method,
which means that with mercury that has been adhered to the
walers as an electrode having been removed, walfers whose
carrier density and thickness have been measured can be
offered as manufactured articles. Furthermore, an advantage
with the mercury C-V method is that, 1n addition to the C-V
measurement a current-voltage measurement (hereinafter
referred to as an “I-V measurement™) can be made, making,
it possible to gain insight mto crystallinity. Nevertheless,
hazards to the human body and global environment are
feared, 1n addition to the problem of degradation 1n wafer
characteristics, lest mercury be extant on wafers following
mercury C-V measurement.

DISCLOSURE OF INVENTION

An object of the present invention 1s to solve the forego-
ing problems and make available an indium-containing
waler from which removal of mercury can be reliably
performed, and to afford a method of manufacturing such a
waler, 1n order to make the mercury C-V method, which
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2

allows characteristics of a target indium-containing water to
be measured with high precision and 1s a non-destructive
test, viable.

In order to accomplish the foregoing objective, an
indium-containing wafer having to do with the present
invention 1s characterized 1n having an added-on mercury-
removal layer composed of a compound semiconductor
formed on 1ts episurface layer. In addition, for the mercury-
removal layer, a chemical mercury-removal layer with
which, being soluble 1n a mercury-solvent removing solu-
tion, the mercury and the mercury-removal layer together
are cleared away, may be utilized; a physical mercury-
removal layer with which, being soluble 1n a removing
solution 1 which mercury does not dissolve or 1n a remov-
ing solution 1 which mercury dissolves with difficulty,
mercury 1s cleared away by the mercury-removal layer being
removed altogether, may be utilized. This 1s because i1n
either case mercury adhering to the mercury-removal layer
can be reliably removed due to dissolution of the mercury-
removal layer into the removing solution.

Furthermore, an indium-containing wafer having to do
with the present invention may be characterized 1n having
two or more laminae, and in that the etching speed, in
respect of a removing solution for the outside mercury-
removal lamina, of the inside mercury-removal lamina 1s 1o
or less that of the outermost mercury-removal lamina. This
1s because the removal of mercury 1s made still more reliable
by the multi-stage mercury-removal procedure, and diver-
sified removal layers can be designed.

In addition, a method of manufacturing an indium-con-
taining waler having to do with the present mvention 1s
characterized by providing a mercury-removal layer on an
episurface of the wafer, and after evaluating electrical char-
acteristics of the wafer, with mercury adhered onto the
mercury-removal layer being part of an electrode, removing
the adhered mercury by clearing away the mercury-removal
layer. Also, the mercury-removal layer may be furnished
bi-or-more-laminarly.

Herein, the electrical characteristics evaluation may be an
evaluation of either the carrier density or the thickness of the
waler by means of a C-V measurement technique, or may be
an evaluation of eirther the dark current or the breakdown
voltage of the waler by means of an I-V measurement
technique.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a conceptual diagram of the design of mercury-
removal layers;

FIG. 2 1s schematic views of a mercury electrode part for
mercury C-V measurement, wherein (a) 1s a schematic
sectional view of the entire electrode part, and (b) 1s a
schematic view of the mercury electrode surface;

FIG. 3 1s a schematic sectional view illustrating an
indium-containing wafer according to one embodiment of
the present mvention;

FIG. 4 1s graphs plotting, for an indium-containing wafer
according to one embodiment of the present invention,
wherein (a) 1s results of mercury C-V measurement on the
waler prior to providing it with a mercury-removal layer,
and (b) 1s carrier densities calculated thereatfter at respective
depths;

FIG. 5 1s graphs plotting, for an indium-containing wafer
according to one embodiment of the present invention,
wherein (a) 1s results of mercury C-V measurement on the
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waler after providing i1t with a mercury-removal layer, and
(b) 1s carrier densities calculated thereafter at respective
depths;

FIG. 6 1s microphotographs respectively showing the
episuriace layer of an indium-containing watfer (a) prior to
and (b) subsequent to a mercury removal operation (etch-
Ing):;

FIG. 7 1s a schematic sectional view illustrating an
indium-containing water according to another embodiment
of the present invention; and

FIG. 8 1s a schematic sectional view illustrating an
indium-containing water according to yet another embodi-
ment of the present mnvention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L.

A “mercury-removal layer” In the present invention refers
to a compound semiconductor formed on a waler episurtace
layer with the object of removing mercury adhering to the
surface of the mercury-removal layer. Mercury-removal
layers as termed herein cover chemical mercury-removal
layers and physical mercury-removal layers.

A chemical mercury-removal layer means a layer in
which, being soluble 1n a mercury-dissolving removing,
solution, the mercury-removal layer 1s dissolved away
together with mercury; and although 1t 1s not particularly
limited the layer may be, to name examples, an In—As-
based compound semiconductor such as InAlAs, InGaAs, or
InGaAs(P), in cases where an acid such as nitric acid,
sulfuric acid, or phosphoric acid+aqueous hydrogen perox-
ide 1s the removing solution. “InGaAs(P)” herein refers to a
compound having an As/(As+P) mole ratio of 0.5 or greater.
For example, the As/(As+P) mole ratio of an InGaAs(P)
layer lattice-matched with an InP (001) substrate and of 1.3
um emission-wavelength design 1s 0.6 to 0.7, which {falls
into the foregoing range.

In turn, a physical mercury-removal layer means a layer
in which, being soluble 1n a removing solution that does not
dissolve mercury (which covers—Ilikewise hereinafter—
removing solutions that do not readily dissolve mercury),
mercury 1s cleared away by the mercury-removal layer being,
dissolved off altogether. Although it 1s not particularly
limited the layer may be, to name examples, an In—P-based
compound semiconductor such as InP or InGaP(As) 1n cases
where the removing solution 1s hydrochloric acid or the like,

Mercury Hg

Mercury-removing layer

In-P-based InP

InGaP (As)
InAlAs
InGaAs
InGaAs (P)
SIN

S10,

SION

In-As-based

Si-based

O: readily soluble
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or an Si-based compound semiconductor such as SiN, S10,,
and S10N 1n cases where the removing solution 1s an acid
such as hydrofluoric acid, hydrofluoric acid+ammonium
fluoride, or hydrofluoric acid+aqueous hydrogen peroxide.

Herein, “InGaP(As)” refers to compounds having a P/(P+
As) mole ratio of greater than 0.5. For example, the P/(P+
As) mole ratio of an InGaP(As) layer lattice-matched with
an InP(001) substrate and of 1.0 um emission-wavelength
design 1s 0.7 to 0.9, which falls into the foregoing range.

The compounds listed above as examples of Si-based
compound semiconductors are ordinarily taken to be 1nsu-
lators, but may be utilized for the mercury-removal layer of
the present invention since even with a layer of such a
compound provided on the episurface layer of an mdium-
containing walfer the mercury C-V measurement can be
made without hindrance. From this perspective, in the
present specification the above-listed Si-based compounds
too are regarded as semiconductors having a large energy
gap and treated as being included 1n Si-based compound
semiconductors.

It should be noted that when InGaAs(P) or InGaP(As) are
utilized 1n combination, the relative etching speed with

respect to the removing solution 1s preferably 10 times or
greater. In order for this to be the case, it 1s preferable that
the difference in As/(As+P) mole ratios or P/(P+As) mole
ratios be 0.1 or greater. In this case, 1t 1s desirable that the
mole ratios of In and Ga be adjusted according as the mole
ratios of As and P, to lessen lattice mismatch with respect to
the substrate.

Although the mercury-removal layer that 1s formed on the
episurface layer of the mmdium-containing wafer 1s not par-
ticularly restricted, preferably selected 1s one with which the
removing solution that clears away the mercury-removal
layer does not dissolve the episurface layer. This 1s 1 order
to prevent loss of the episurface layer. Herein, the episurface
layer of the indium-containing wafer 1s 1 some cases
In—P-based, while in others, In—As-based. Table I indi-
cates the ease of solubility of mercury, In—P-based com-
pound semiconductors, In—As-based compound semicon-
ductors, and Si-based compound semiconductors 1n various
removing solutions. Specifically, “0”” 1n Table I indicates that
the combination dissolves easily, whereas “X”” indicates that
the combination does not dissolve easily (i1s insoluble or
dissolves with difliculty).

TABLE 1

Removing solution

HNO, H,S0, H,PO,+ H,0, HCI HF HF + NH,F HF + H,0,
O O O X X X X
X X X 0O X X X
O 0O 0O X X X O
X X X X O O O

X: insoluble or dissolves with difficulty
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“Hase of solubility” as termed herein means those com-
pound semiconductors with which relative etching speed
with respect to each removing solution 1s 10 times or greater
under defined conditions. This 1s because 1n order to reliably
remove mercury that has been adhered to the surface of an
indium-containing wafer, the mercury-removal layer must
be removed exclusively of the other wafer layers, and
therefore a layer whose relative etching speed 1s less than 10
would be diflicult to utilize as a mercury-removal layer.

FI1G. 1 sets forth conceptual diagrams of mercury-removal
laver designs. Those with a suflixed letter “m” after their
reference numeral represent mercury-removal layers. Ret-
erence numeral 10 indicates a layer other than the episurface
layer of the indium-containing water, reference numeral 11
an In—P-based compound semiconductor, reference
numeral 12 an In—As-based compound semiconductor.
Retference numeral 13 then denotes an Si-based compound
semiconductor mercury-removal layer.

In cases where the episurface layer 1s In—P-based (11 in
FIG. 1(a)), compound semiconductors that can be selected
for the mercury-removal layer are those for which a remov-
ing solution that does not dissolve this episurface layer
(which covers—Ilikewise hereinafter—removing solutions
that do not easily dissolve the episurface layer) 1s utilized,
for example: an In—As-based compound semiconductor
(12 1 FI1G. 1(b)) that uses as the removing solution an acid
such as nitric acid, sulfuric acid, or phosphoric acid+aque-
ous hydrogen peroxide, or aqueous solutions thereof; and an
Si-based compound semiconductor (13m 1n FIG. 1(c)) that
uses as the removing solution an acid such as hydrofluoric
acid, hydrofluoric acid+ammonium fluoride, or hydrofluoric
acid+aqueous hydrogen peroxide, or aqueous solutions
thereol. Herein, an In—As-based compound semiconductor
amounts to a chemical mercury-removal layer, and an Si-
based compound semiconductor to a physical mercury-
removal layer.

In cases where the episurface layer 1s In—As-based (12 in
FIG. 1(d)), compound semiconductors that can be selected
for the mercury-removal layer are those for which a remov-
ing solution that does not dissolve this episurface layer 1s
utilized, for example: an In—P-based compound semicon-
ductor (11m FIG. 1(e)), with the removing solution being
hydrochloric or like acid, or an aqueous solution thereof; and
an Si-based compound semiconductor (13w 1 FIG. 1(f)),
with the removing solution being hydrofluoric or like acid,
hydrofluoric+ammonium fluoride or like acid, or an aqueous
solution thereof. Herein, both an In—P-based compound
semiconductor and an Si-based compound semiconductor
amount to a physical mercury-removal layer. Various types
of mercury-removal layers can be selected depending on the
type of episurface layer i the indium-containing wafer and
the type of cleaning solution, as just described.

A preferred aspect of the invention renders the mercury-
removal layer twolold or more, with the layers selected
being ones 1 which the etching speed, with respect to the
removing solution for the outside mercury-removal layer, of
the one-inside mercury-removal layer 1s io or less that of
the etching speed of the outside mercury-removal layer. This
aspect 1s preferable because 1t makes the removal of mercury
more reliable, and serves to diversily the mercury-removal
layers to facilitate architecting flexible manufacturing pro-
cesses according to circumstances. Selection of layers with
a relative etching speed of Y100 or lower 1s a more preferable
aspect, from the perspective of facility 1n manufacturing
procedural operations.

FIG. 1 also illustrates outside mercury-removal layers
selected with respect to the inside mercury-removal layer, 1n
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6

cases where the mercury-removal layer 1s twofold. For
example, when the episurface layer of the indium-containing
wafer 1s In—P-based (11 in FIG. 1(a)), the mercury-removal
layer may for instance be an In—As-based (12m FI1G. 1(d))
or Si-based (13m 1n FI1G. 1(¢)) compound semiconductor, as
noted above; but these may be made an 1nside layer (inside
mercury-removal layer), and further an outer-layer mercury-
removal layer (outside mercury-removal layer) may be
provided. In this case, the outside mercury-removal layer 1s
selected so that the etching speed of the inside mercury-
removal layer with respect to the removing solution for the
outer layer 1s Yio or less relative to the outside mercury-
removal layer. If an In—As-based compound semiconductor
1s to be an 1nside mercury-removal layer, an In—P-based
compound semiconductor (11 1n FIG. 1(g)) whose remov-
ing solution 1s hydrochloric or like acid, or aqueous solu-
tions thereot, or an Si-based compound semiconductor (13w
in FIG. 1(/)) whose removing solution 1s hydrofluoric or like
acid, or aqueous solutions thereof, can be selected as the
outside mercury-removal layer. If an Si-based compound
semiconductor 1s to be the iside mercury-removal layer, an
In—P-based compound semiconductor (11 i FIG. 1(i))
whose removing solution 1s hydrochloric or like acid, or
aqueous solutions thereof, or an In—As-based compound
semiconductor (12 1in FIG. 1(j)) whose removing solution
1s nitric or like acid, or aqueous solutions thereof, can be
selected as the outside mercury-removal layer.

Likewise, in cases where the episurface layer of the
indium-containing watfer 1s In—As-based (12 in FIG. 1 (d)),
the mercury-removal layer may be, to name examples,
In—P-based (11m FIG. 1(e)) or Si-based (FIG. 1(0, 13m)
compound semiconductors, as noted above. In cases where
an In—P-based compound semiconductor 1s to be an 1nside
mercury-removal layer, an In—As compound semiconduc-
tor (12m 1n FIG. 1(k)) whose removing solution 1s nitric or
like acid, or aqueous solutions thereof, or a Si-based com-
pound semiconductor (13 in FIG. 1(/)) that whose remov-
ing solution 1s hydrofluoric or like acid, or aqueous solutions
thereof, can be selected as the outside mercury-removal
layer. Meanwhile, 1n cases where an Si-based compound
semiconductor 1s to be an 1nside mercury-removal layer, an
In—P-based compound semiconductor (11 i FIG. 1(m))
whose removing agent 1s hydrochloric or like acid, or
aqueous solutions thereof, or an In—As-based compound
semiconductor (12m 1 FIG. 1(»)) whose removing solution
1s nitric or like acid, or aqueous solutions thereof, can be
selected as the outside mercury-removal layer.

It should be understood that when the mercury-removal
layer 1s made threefold or more, a further outside mercury-
removal layer can be chosen along the same lines as
described above.

The method of furnishing a mercury removal layer on the
episurface layer of an indium-contaiming wafer 1s not par-
ticular limited, and a variety of deposition methods may be
used, such as a CVD (chemical vapor deposition) method, a
MOCVD (metal-organic chemical vapor deposition)
method, and a MBE (molecular beam epitaxy) method.

For the electrical characteristics of an indium-containing
wafer, a C-V measurement or [-V measurement 1s carried
out 1n the following manner, with, as an electrode, mercury
that has been adhered to the surface of the mercury-removal
layer. FIG. 2 sets forth schematic views or a mercury
clectrode part for mercury C-V measurement. In the figure
(a) 1s a schematic cross-sectional view of the entire electrode
part, and (b) 1s a schematic topside view of 1ts 1nner-
clectrode and outer-electrode sections. The C-V measure-
ment and I-V measurement are carried out on a stage 24 that
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1s furnished with an mner mercury electrode 21, an outer
mercury electrode 22, and a vacuum line 23. The ratio of the
surtace areas of the inner electrode and the outer electrode
1s 1:100.

The mercury C-V measurement 1s performed as follows.
An 1ndium-containing wafer 26 relevant to the present
invention 1s brought so that i1ts mercury-removal layer 23
comes 1nto contact with the surface of the stage 24 having
the inner electrode 21 and the outer electrode 22, which are
filled with mercury and a vacuum is drawn using the vacuum
line 23 to contact-adhere the mercury electrode surfaces and
the mercury-removal layer surface.

By measuring the capacitance (C-V measurement) while
voltage 1s applied to the indium-containing wafer, the carrier
density N(w) of the indium-containing water at a depth w
from the surface 1s evaluated using the following equation

(1).

Nw)=(=C8/qgE4>)(dC/dV)y™" (1)

Herein, C represents capacitance measured using a dc
reverse bias voltage; g, the electron charge; €, the dielectric
constant; A, the measurement area; and dC, the change 1n
capacitance with change 1n voltage dV. Then the depth wis
found from the following equation (2).

w=E4/C (2)

Also, by measuring dark current generated when voltage
1s applied to the indium-containing wafer (I-V measure-
ment), crystalline status of the wafer crystal can be evaluated
from the fact that the greater the dark current 1s, the more the
crystal defects.

After evaluating carrier density, thickness, crystalline
status, and the like of the indium-containing watfer as just
described, mercury that 1s extant on the mercury-removal
layer 1s cleared away together with the mercury-removal
layer using a removing solution, when the indium-contain-
ing wafer having the mercury-removal layer 1s withdrawn
from the mercury electrode.

Where an In—P-based mercury-removal layer 1s to be
removed, hydrochloric or like acid, or an aqueous solution
thereot, 1s utilized. An example of the removing solution that
may be given 1s an aqueous solution in which 36 mass %
hydrochloric add 1s appropriately diluted.

Where an In—As-based mercury-removal layer 1s to be
removed, an acid such as nitric acid, sulfuric acid, phos-
phoric acid+hydrogen peroxide, citric acid, or tartaric acid,
or an aqueous solution thereof, 1s utilized. Alternatively, a
mixed solution of two or more of these may be employed.
Examples of the removing solution that may be given are: an
aqueous solution of 70 mass % nitric acid; an aqueous
solution of 36 mass % hydrochloric acid; an aqueous solu-
tion of a mixture of 85 mass % phosphoric acid and 30 mass
% aqueous hydrogen peroxide; and an aqueous solution of
a mixture of citric acid and 30 mass % aqueous hydrogen
peroxide.

Where an Si-based mercury-removal layer 1s to be
removed, an acid such as hydrofluoric acid, hydrotfluoric
acid+ammonium {fluoride, or hydrofluoric acid+hydrogen
peroxide, or an aqueous solution thereof, 1s utilized.
Examples of the removing solution that may be given are: an
aqueous solution of 50 mass % hydrofluoric acid; a mixed
aqueous solution of 50 mass % hydrofluoric acid and
ammonium fluoride; and a mixed aqueous solution of 50
mass % hydrofluoric acid and 30 mass % aqueous hydrogen
peroxide.

Removal of mercury-removal layers, although not par-
ticularly restricted, can be performed by, for example, meth-
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ods such as immersion-rinsing with a corresponding remov-
ing solution, or by ultrasonic cleaning. Subsequent to the
climination of the mercury-removal layer using a removing
solution, removing solution that 1s extant 1s washed ofl with
water. In cases where the mercury-removal layer 1s two-or-
more-fold, the steps of removing the mercury-removal layer
using a corresponding removing solution and the water wash
are repeated. An indium-containing wafer having undergone
a final water wash 1s dried for delivery as a finished article.
There are no particular restrictions on the drying method,
and nitrogen gas blowing, vacuum drying, heat drying, or
the like can be adopted as appropriate insofar as the elec-
trical characteristics of the indium-contaiming watfer are not
compromised.

EMBODIMENTS

Embodiment 1

FIG. 3 illustrates one example of the present invention. As
device-forming layers, a InGaAs(P)/ InP/InGaAs multi-lami-
nar structure layer 32, and InP layers 33 and 34 having two
laminae differing in carrier density, and respective thick-
nesses of 0.5 um and 1.2 um, were epitaxially grown on a
S0-mm-diameter n-type InP substrate 31, and on top of them
InGaAs(P) [As/(As+P) mole ratio=0.7] 35, serving as an
episurface layer, was epitaxially grown to have a thickness
of 0.1 um; thus an avalanche photodiode (APD) structure as
an example of a semiconductor device in the present inven-
tion was obtained. With APDs the carrier density in and
thickness of the InP bi-layer 33, and the uniformity thereof,
are crucial 1n device operations.

Further, a 0.1 um-thick InP epitaxial layer 301, serving
as a non-device-forming, mercury-removal layer, was
formed on the episurface layer. The formation of the InP
epitaxial layer was carried out using hydrogen gas as a
carrier gas and introducing trimethylindium and phosphine
source materials Into a MOVPE (metal-organic vapor phase
epitaxy) furnace at a furnace pressure of 25 Torr and at a
deposition temperature of 650° C. In the case where an
InGaAs epitaxial layer was formed, the source materials
used were trimethylindium, trimethylgallium, arsine, and
disilane. The deposition rate was 2 um/h in either case.

With the n-type indium-containing wafer prior to and
subsequent to the formation of the mercury-removal layer,
the results of a C-V measurement performed according to a
mercury C-V method and the calculation results obtained
therefrom for carrier densities N(w) at various depths of the
indium-containing watfer are plotted in FIG. 4 and FIG. 5. In
both figures (a) shows a C-V curve with the horizontal axis
representing potential difference V (units: V) between the
inner and outer electrodes and the vertical axis representing
clectric capacity C (units: F), while (b) shows an N-w curve
with the horizontal axis being depth w (units: um) from the
surface of the mndium-containing water and the vertical axis
being the logarithm of carrier density N (units: cm™). From
a comparison between both figures it 1s evident that high-
precision results were obtained as to the carrier density,
thickness, and the uniformity thereof in the area correspond-
ing to the InP bi-layer layer 33, regardless of the presence or
absence of the mercury-removal layer.

Herein, the C-V measurement was performed by applying
the potential difference of the inner electrode with respect to
the outer electrode so that 1t changed from -0.5 V to -20.5
V 1n a stepwise manner. The step widths were 0.1 V from
-05Vto-15V,04Virom-1.5Vto-55V,and 1V from

-5.5 V to =20.5 V. The I-V measurement was performed by
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applying the potential difference of the inner electrode with
respect to the outer electrode so that 1t changed from -0 V
to —15 V 1n a stepwise manner with a step width of 0.23 V.
In both cases a superimposed ac voltage with a frequency of
1 MHz and an amplitude voltage of 15 mV was applied to
the mner and outer electrodes.

Next, the using a solution of a weight ratio 1:1 of 36 mass
% hydrochloric acid and water as the removing solution the
InP mercury-removal layer was removed, and thereaiter the
samples were water-washed and dried. The indium-contain-
ing wafer surface was observed with a microscope before
the removal of the mercury-removal layer and after the
removal of the mercury-removal layer. As shown in FIG. 6
(the longitudinal-side length of the photograph being 1700
um), particles of mercury were observed before the removal,
whereas no residual mercury was observed after the
removal.

Meanwhile, the indium-containing waler surface was
immersed for 30 minutes in an equimolar solution mixture
of 100 mass % high-purity nitric acid and water heated at
90° C. to 100° C. betore the removal of the mercury-removal
layer and after the removal of the mercury-removal layer to
dissolve the mercury remaining on the indium-containing
walfer surface into the solution, mixture and thereafter the
solution mixture underwent ICP (inductively coupled
plasma) mass spectrometry for mercury. At the same time an
indium-containing water that was not brought into contact
with mercury was subjected to a control test 1n a similar
manner. Herein, the ICP mass spectrometry method refers to
a method 1n which qualitative and quantitative analyses are
carried out by introducing into a mass spectroscope 1onized
atoms copiously generated i an ICP light source. The
results of the ICP mass spectrometry are set forth 1n Table I1.

TABLE

11

Detected amount of mercury (ng)

After removal of
mercury-removal layer

Before removal of
mercury-removal layer

Sample 1 18 <0.05 (Detection limit)
Sample 2 14.5 <0.05 (Detection lLimit)
Sample 3 12 <0.05 (Detection Limit)
Control <0.05 (Detection lLimuit)

test

As 1ndicated in Table II, 1t was confirmed that mercury
can be completely removed by a mercury removal operation
utilizing removal of the mercury-removal layer. The con-
centration of mercury in the foregoing solution mixture
provided for the ICP mass spectrometry also proved to be
considerably lower than 50 ng/l, the limit defined by the
Water Pollution Control Law, meaning that the indium-
contaiming waifer that has been subjected to the mercury
removal operation using the removal of the mercury-re-
moval layer does not cause any environmental burden
associated with mercury.

It should be noted that in an etching rate confirmation test
that was implemented separately, 1n which a sample with a
3 um InP single layer and a sample with a 1 um InGaAs(P)
single layer were treated in the foregoing removing solution
(the removing solution 1 which 36 mass % hydrochloric
acid and water are blended at a weight ratio 1:1) for 1
minute, the InP single layer was etched 2.2 um whereas the
InGaAs(P)single layer was etched 0.01 um, confirming that
the relative etching speed was 220 times faster.
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Embodiment 2

FIG. 7 illustrates another example of the present mven-
tion. An InGaAs(P)/InP/InGaAs multi-layered structure
layer 72, and InP layers 33 and 34 having two laminae
differing in carrier density, and respective thicknesses o1 0.5
um and 1.2 um were epitaxially grown on a S0-mm-diameter
n-type InP substrate 71. In the present example the 1.2
um-thick InP layer corresponds to the episurface layer.
Further on top of 1t, a twolold mercury-removal layer, a 0.1
um-thick InGaAs layer 701m and a 0.1 um-thick InP layer
702m, were epitaxially grown in sequence in the same
fashion as 1n Embodiment 1.

The n-type indium-containing water prior to and subse-
quent to the formation of the mercury-removal layer was
subjected to a C-V measurement 1n a similar manner to that
in Embodiment 1, and carnier densities N(w) at various
depths win the indium-containing water were calculated. In
this case too, high-precision results were obtained regardless
of the presence or absence of the mercury-removal layer.

Next, the outer mercury-removal layer InP was removed
in a similar manner to that in Embodiment 1 whereas the
inner mercury-removal layer InGaAs was removed using a
solution of a mass ratio of 1:2 of 70 mass % nitric acid and
water, and thereafter the sample was water-rinsed and dried.
The episurface layer of the indium-containing wafter was
then observed with a microscope and underwent ICP mass
spectrometry, wherein no residual mercury was recognized.

Embodiment 3

FIG. 8 illustrates yet another example of the present
invention. An InGaAs(P)/InP/InGaAs multi-layered struc-
ture layer 82, and InP layers 83 and 84 having two laminae
differing in carrier density, and respective thicknesses o1 0.5
um and 1.2 um were epitaxially grown on a S0-mm-diameter
n-type InP substrate 81, and on top of it a 0.1 um-thick
InGaAs(P) [As/(As+P) mole ratio=0.7] 85, serving as an
episurface layer, was epitaxially grown while a 0.1 um-thick
InP epitaxial layer 801m was formed, which served as an
inside mercury-removal layer. Further, on top of it, a 0.1
um-thick InAlAs epitaxial layer 802m was formed, which
served as an outer mercury-removal layer. The source mate-
rials used for growing this layer were trimethylaluminum,
trimethylindium, arsine, and disilane.

The n-type indium-containing water prior to and subse-
quent to the formation of the mercury-removal layers was
subjected to a C-V measurement 1n a similar manner to that
in Embodiment 1, and carnier densities N(w) at various
depths w 1n the indium-containing water were calculated. In
this case too, high-precision results were obtained regardless
of the presence or absence of the mercury-removal layer.

Next, the outer mercury-removal layer InAlAs was
removed using a aqueous solution mixture of a mass ratio of
1:2:20 of 70 mass % mnitric acid, 30 mass % aqueous
hydrogen peroxide, and water, whereas the inner mercury-
removal layer InP was removed in a similar manner to that
in Embodiment 1, and thereafter the sample was water-
washed and dnied. The episurface layer of the mdium-
containing waier was then observed with a microscope and
underwent ICP mass spectrometry, wherein no residual
mercury was recognized.

It should be noted that the foregoing examples involve the
handling of mercury, and therefore safety and hygienic
considerations are necessary. In particular, immediately after
the C-V measurement mercury remains 1n the water; for this
reason, protective wear such as protective gloves and pro-
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tective eye glasses, as well as implementation of local
ventilation are indispensable 1n order to prevent the mercury
from coming into contact with the human body and from
being inhaled. Additionally, in the removal of the mercury-
removal layer, appropriate handling for mercury 1s required
since the removing solution contains mercury. Further, due
to the possibility of mercury adhering to the jigs used,
suflicient operational management and washing are crucial.
The embodiments and samples disclosed herein are 1n all
aspects 1llustrative and not to be construed as restrictive. The
scope of the present invention 1s defined by not the foregoing
description but the appended claims, which are intended to
include all modifications and equivalents of the claims.

INDUSTRIAL APPLICABILITY

The present invention thus makes 1t possible to evaluate
clectrical characteristics of indium-containing wafers with
high precision and 1n a non-destructive way using a mercury
C-V method or the like regardless of the presence or absence
of mercury-removal layers, and to remove mercury that has
adhered by removing the mercury-removal layer; thus, 1t
makes available indium-containing waters whose electrical
characteristics according to objectives are guaranteed.

The 1nvention claimed 1s:

1. A semiconductor device comprising;:

an 1indium-containing wafer;

device-forming layers deposited on said indium-contain-

ing waler, said layers defining an episurface device-
forming layer; and

a dissolvable, mercury-adhering non-device forming

layer composed of InGaAs(P) for dissolving 1n a nitric
acid, sulfuric acid, or phosphoric acid+aqueous hydro-
gen peroxide removing solution, said mercury-adher-
ing layer comprising at least two laminae each of
composition having an As/(As+P) mole ratio different
from that of the immediately adjacent other lamina,
such that the difference between the As/(As+P) mole
ratio of one lamina and the As/(As+P) mole ratio of the
immediately adjacent other lamina 1s 0.1 or greater, and
said mercury-adhering layer formed, as the outermost
layer on the semiconductor device, on said episuriace
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device-forming layer, for carrying a mercury electrode
for profiling characteristics of the semiconductor

device-forming layers.
2. A semiconductor device comprising;
an indium-containing wafer;

device-forming layers deposited on said indium-contain-

ing waler, said layers defining an episurface device-
forming layer; and

dissolvable, mercury-adhering, non-device forming
layer composed of InGaP(As) for dissolving 1n a hydro-
chloric acid removing solution comprising at least two
laminae each of composition having a P/(P+As) mole
ratio diflerent from that of the immediately adjacent
other lamina, such that the diflerence between the
P/(P+As) mole ratio of one lamina and the P/(P+As)
mole ratio of the immediately adjacent other lamina 1s
0.1 or greater, and said mercury-adhering layer formed,
as the outermost layer on the semiconductor device, on
said episurface device-forming layer, for carrying a
mercury electrode for profiling characteristics of the
semiconductor device-forming layers.

3. A semiconductor device comprising:
an indium-containing wafer;

device-forming layers deposited on said indium-contain-

said mercury-adhering layer must be removed from the

ing waler, said layers defining an episurface device-
forming layer; and

a dissolvable, mercury-adhering, non-device forming

layer composed of at least two laminae, one of InGaAs
(P) and an immediately adjacent other of InGaP(As),
cach ol composition such that the difference between
the As/(As+P) mole ratio of the InGaAs(P) lamina and
the As/(As+P) mole ratio of the InGaP(As) lamina 1s
0.1 or greater, said mercury-adhering layer formed, as
the outermost layer on the semiconductor device, on
said episurface device-forming layer, for carrying a
mercury electrode for profiling characteristics of the
semiconductor device-forming layers

semiconductor device in order to render operable the
device formed by said device-forming layers.
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